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(57) ABSTRACT

In various embodiments, an alert personalization application
personalizes in-vehicle alerts. The alert personalization
application estimates an increase in a negative emotion
associated with an occupant of a vehicle based on at least
one characteristic of the occupant. Subsequently, the alert
personalization application determines that the increase is
associated with a negative reaction to an in-vehicle alert that
has a first alert characteristic. In response, the alert person-
alization application determines that the first alert charac-
teristic should be replaced with a second alert characteristic.
The alert personalization causes another in-vehicle alert to
be generated that has the second alert characteristic instead
of the first alert characteristic. Advantageously, personaliz-
ing alert characteristics that influence how and/or when
in-vehicle alerts are generated can increase the effectiveness
of in-vehicle alerts and can improve driving safety.
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TECHNIQUES FOR AUTOMATICALLY
REDUCING ANNOYANCE LEVELS OF
DRIVERS WHEN USING DRIVER
MONITORING SYSTEMS

BACKGROUND
Field of the Various Embodiments

The various embodiments relate generally to computer
science, software engineering, and automotive systems and,
more specifically, to techniques for automatically reducing
annoyance levels of drivers when using driver monitoring
systems.

Description of the Related Art

Driver monitoring systems are intended to increase driv-
ing safety and improve the overall driving experiences of
drivers. In operation, a typical driver monitoring system
(“DMS”) detects and generates alerts when a driver is
drowsy, distracted, etc. A typical DMS includes a DMS
application and a variety of sensors that monitor physiologi-
cal characteristics of the driver. Based on the sensor data, the
DMS application determines whether to alert the driver to
potentially unsafe behavior. For example, a DMS applica-
tion could analyze the eye gaze direction of a driver based
on sensor data received from an in-vehicle camera to deter-
mine that the driver is not looking at the road. The DMS
application could then generate an in-vehicle alert warning
the driver that he or she is not properly focused on the road.

One drawback of DMS applications is that, because DMS
applications do not usually take into account different driv-
ing scenarios and driving styles, DMS applications can
repeatedly generate in-vehicle alerts that become annoying
to drivers and cause drivers to not pay attention to the
in-vehicle alerts or stop using the DMSs altogether. For
example, while a driver is backing up a vehicle and looking
at a rear view mirror for guidance, a DMS application could
repeatedly generate in-vehicle alerts warning the driver that
he or she is not looking at the road. The driver could become
frustrated and/or annoyed at the in-vehicle alerts and either
turn off the DMS or disregard all in-vehicle alerts on a
going-forward basis. Turning off the DMS or disregarding
in-vehicle alerts defeats the purpose of having and using the
DMS to increase driving safety.

Another drawback of DMS applications is that a typical
DMS application generates in-vehicle alerts that are char-
acterized by a predetermined delivery modality, a predeter-
mined intensity, and/or a predetermined minimum repetition
interval that are effective for only some drivers. Other
drivers might find in-vehicle alerts characterized by these
predetermined “alert characteristics™ irritating and/or dis-
tracting and, as a result, ignore in-vehicle alerts or disable
the DMS.

As the foregoing illustrates, what is needed in the art are
more effective techniques for generating in-vehicle alerts.

SUMMARY

One embodiment sets forth a computer-implemented
method for generating personalized in-vehicle alerts. The
method includes estimating an increase in a negative emo-
tion associated with an occupant of a vehicle based on at
least one characteristic of the occupant; determining that the
increase is associated with a negative reaction to a first
in-vehicle alert that has a first alert characteristic; in
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response, determining that the first alert characteristic
should be replaced with a second alert characteristic; and
causing at least a second in-vehicle alert to be generated that
has the second alert characteristic instead of the first alert
characteristic.

At least one technical advantage of the disclosed tech-
niques relative to the prior art is that the disclosed techniques
personalize current and subsequent in-vehicle alerts based
on the physiological responses of individual drivers to prior
in-vehicle alerts. In particular, automatically detecting when
an in-vehicle alert causes the annoyance level of a driver to
increase and, in response, modifying an alert characteristic
that influences how and/or when in-vehicle alerts are gen-
erated can increase the effectiveness of current and subse-
quent in-vehicle alerts. Among other things, modifying the
alert characteristic can reduce the likelihood that the driver
becomes annoyed at the in-vehicle alerts and either turns off
the DMS or disregard all in-vehicle alerts on a going-
forward basis. Thus, by implementing the disclosed tech-
niques in conjunction with a driving monitoring system,
driving safety can be improved across a wider variety of
drivers relative to prior art approaches. These technical
advantages provide one or more technological advance-
ments over prior art approaches.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner in which the above recited features of
the various embodiments can be understood in detail, a more
particular description of the inventive concepts, briefly sum-
marized above, may be had by reference to various embodi-
ments, some of which are illustrated in the appended draw-
ings. It is to be noted, however, that the appended drawings
illustrate only typical embodiments of the inventive con-
cepts and are therefore not to be considered limiting of scope
in any way, and that there are other equally effective
embodiments.

FIG. 1 is a conceptual illustration of a system configured
to implement one or more aspects of the various embodi-
ments;

FIG. 2 is a more detailed illustration of the annoyance
reduction engine of FIG. 1, according to various embodi-
ments; and

FIG. 3 is a flow diagram of method steps for generating
personalized in-vehicle alerts, according to various embodi-
ments.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a more thorough understanding of the
various embodiments. However, it will be apparent to one
skilled in the art that the inventive concepts may be practiced
without one or more of these specific details.

System Overview

FIG. 1 is a conceptual illustration of a system 100
configured to implement one or more aspects of the various
embodiments. As shown, in some embodiments, the system
100 includes, without limitation, a compute instance 110(1),
a compute instance 110(2), and a vehicle 102. For explana-
tory purposes, multiple instances of like objects are denoted
with reference alphanumeric characters identifying the
object and parenthetical alphanumeric characters identifying
the instance where needed.
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In some embodiments, the system 100 can include any
number of compute instances 110, any number of vehicles
102, and any number of additional components (e.g., appli-
cations, subsystems, modules, etc.) in any combination. Any
number of the components of the system 100 can be dis-
tributed across multiple geographic locations or imple-
mented in one or more cloud computing environments (i.e.,
encapsulated shared resources, software, data, etc.) in any
combination.

As shown, the compute instance 110(1) includes, without
limitation, a processor 112(1) and a memory 116(1), and the
compute instance 110(2) includes, without limitation, a
processor 112(2) and a memory 116(2). The compute
instances 110(1) and 110(2) are also referred to herein
individually as “the compute instance 110” and collectively
as “the compute instances 110.” The processors 112(1) and
112(2) are also referred to herein individually as “the
processor 112” and collectively as “the processors 112.”” The
memories 116(1) and 116(2) are also referred to herein
individually as “the memory 116 and collectively as “the
memories 116.” Each of the compute instances 110 can be
implemented in a cloud computing environment, imple-
mented as part of any other distributed computing environ-
ment, or implemented in a stand-alone fashion.

The processor 112 can be any instruction execution sys-
tem, apparatus, or device capable of executing instructions.
For example, the processor 112 could be a central processing
unit, a graphics processing unit, a controller, a micro-
controller, a state machine, or any combination thereof. The
memory 116 of the compute instance 110 stores content,
such as software applications and data, for use by the
processor 112 of the compute instance 110. The memory 116
can be one or more of a readily available memory, such as
random-access memory, read only memory, floppy disk,
hard disk, or any other form of digital storage, local or
remote. In some embodiments, each of any number of
compute instances 110 can include, without limitation, any
number of processors 112 and any number of memories 116
in any combination. In particular, any number of the com-
pute instances 110 (including one) can provide a multipro-
cessing environment in any technically feasible fashion.

In some embodiments, a storage (not shown) can supple-
ment or replace the memory 116. The storage can include,
without limitation, any number and/or types of external
memories that are accessible to the processor 112. For
example, and without limitation, the storage can include a
Secure Digital Card, an external Flash memory, a portable
compact disc read-only memory (CD-ROM), an optical
storage device, a magnetic storage device, or any suitable
combination of the foregoing.

Each of the compute instances 110 is configured to
implement one or more software applications. For explana-
tory purposes only, each software application is depicted as
residing in the memory 116 of one of the compute instances
110 and executing on the processor 112 of the compute
instance 110. However, in some embodiments, the function-
ality of each software application may be distributed across
any number of other software applications that reside in the
memories 116 of any number of compute instances 110 and
execute on the processors 112 of any number of compute
instances 110 in any combination. Further, the functionality
of any number of software applications can be consolidated
into a single software application.

The vehicle 102 can be any type of ground-based or
non-ground-based machine that is guided, at least in part, by
a driver 104 that can be any human. In some embodiments,
the vehicle 102 can be, among other things, a car, a motor-
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cycle, a sport utility vehicle, a truck, a bus, an all-terrain
vehicle, a snowmobile, a commercial construction machine
(e.g., a crane, an excavator, etc.), an airplane, a helicopter, or
a boat. In the same or other embodiments, the vehicle 102
can be a taxi, a ride share vehicle (such as an Uber vehicle,
a Lyft vehicle), a submarine, an electric vertical takeoff and
landing vehicle, a spaceship, etc.

As shown, the vehicle 102 includes, without limitation, an
instrument cluster 122, a head unit 124, any number of
outward-facing sensors 126, any number of vehicle sensors
128, and any number of occupant sensors 106. The vehicle
102 can additionally include any number and/or types of
vehicle components that enable the driver 104 to perform a
primary driving task as well as any number and/or types of
vehicle components that enable the driver 104 and/or other
occupants of the vehicle 102 to perform secondary tasks.
Examples of vehicle components that implement the pri-
mary driving task include, without limitation, brakes, a
powertrain, a transmission, and a steering system. Examples
of vehicle components that enable the driver 104 and
passengers to perform secondary tasks include, without
limitation, a radio, a temperature control system, a naviga-
tion system, an in-car internet system, etc.

The instrument cluster 122 and the head unit 124 enable
the driver 104 to monitor and/or modify one or more
functionalities of the vehicle 102. As referred to herein, the
functionalities of the vehicle 102 include, without limitation,
operations of the vehicle 102 that are associated with driving
the vehicle 102 and any type of actions that are associated
with any number of secondary tasks. Examples of function-
alities of the vehicle 102 includes, without limitation, the
speed of the vehicle 102, the direction of the vehicle 102,
information being output on any number of a visual display,
an auditory display, and/or a haptic display within the
vehicle 102, etc. In some embodiments, the vehicle 102 can
include any number of components instead of or in addition
to the instrument cluster 122 and the head unit 124 that
enable the driver 104 to monitor and/or modify the func-
tionalities of the vehicle 102. For instance, in some embodi-
ments, the vehicle 102 includes a rear-view camera.

The instrument cluster 122 includes, without limitation,
any number and type of analog components and any number
and type of digital components that aggregate and display
data from various components of the vehicle 102. For
instance, in some embodiments, the instrument cluster 122
includes, without limitation, an analog speedometer, a digi-
tal dashboard, and the compute instance 110(3) (not shown)
that executes a trip computer application. The digital dash-
board can display any amount and type of data related to the
vehicle 102, such as a fuel level, an interior temperature, an
exterior temperature, and a distance traveled. The trip com-
puter application can record and display any number of
statistics related to the vehicle 102. In some embodiments,
the trip computer application records and displays an aver-
age speed, an average distance traveled, an average fuel
consumption, an estimated range, and so forth.

The head unit 124 enables the driver 104 to efficiently
perform both the primary driving task and certain secondary
tasks. In some embodiments, the head unit 124 includes,
without limitation, a hardware interface to an infotainment
system and a navigation system. In the same or other
embodiments, the hardware interface includes, without limi-
tation, a touch-screen and any number and combination of
input mechanisms, output mechanisms, and control mecha-
nisms (e.g., buttons, sliders, etc.). In some embodiments, the
hardware interface includes, without limitation, built-in Blu-
etooth for hands-free calling and audio streaming, universal



US 11,383,640 B2

5

serial bus (“USB”) connections, speech recognition, rear-
view camera inputs, video outputs for any number and type
of displays, and any number of audio outputs. In general,
any number of sensors, displays, receivers, transmitters, etc.,
can be integrated into the head unit 124 or can be imple-
mented externally to the head unit 124. External devices can
communicate with the head unit 124 in any technically
feasible fashion.

The outward-facing sensors 126 and the vehicle sensors
128 monitor, respectively, the area surrounding the vehicle
102 and the vehicle 102 itself while the vehicle 102 operates.
Some examples of the outward-facing sensors 126 include,
without limitation, a forward-facing camera that is mounted
on the vehicle 102, a light detection and ranging sensor, etc.
The outward-facing sensors 126 are also referred to herein
individually as “the outward-facing sensor 126.” In some
embodiments, the vehicle sensors 128 include, without
limitation, any number and/or types of sensors that monitor
different characteristics of the vehicle 102 and/or any num-
ber and/or types of sensors that monitor inputs to the vehicle
102. Some examples of characteristics of the vehicle 102
includes, without limitation, the speed, the lateral accelera-
tion, the engine revolutions per minute, the battery charge
state, and so forth. Some examples of inputs to the vehicle
102 includes, without limitation, the current steering wheel
angle, the accelerator pedal position, the brake pedal posi-
tion, etc. The vehicle sensors 128 are also referred to herein
individually as “the vehicle sensor 128.”

The occupant sensors 106 monitor the driver 104 and
optionally any number of other occupants of the vehicle 102.
The occupant sensors 106 include, without limitation, any
number and/or types of devices that detect and relay any
quantifiable aspect of a human being in any technically
feasible. The occupant sensors 106 can be distributed across
various locations. In some embodiments, each of the occu-
pant sensors 106 is attached to the vehicle 102 (e.g., built
into a steering wheel, headrest, etc.) or worn by an occupant
of the vehicle 102. The occupant sensors 106 are also
referred to herein individually as “the occupant sensor 106.”

Although not shown, in some embodiments, the occupant
sensors 106 include, without limitation, any number of head
sensors, any number of eye sensors, any number of audio
sensors, any number of body sensors, any number of skin
sensors, and any number of neural sensors that, in real-time,
detect and relay physiological data (e.g., measurements)
associated with the driver 104 and any number of other
occupants of the vehicle 102.

The head sensors include, without limitation, any number
and combination of optical sensors (e.g., visible light cam-
eras, infrared light cameras, depth sensors, etc.), magnetic
sensors, blood flow sensors, muscle contraction sensors,
thermal sensors, radar sensors, and any other technically
feasible type of physiological sensor via which the position
and/or orientation of the head of a human being (i.e., a head
position and/or a head orientation, respectively) can be
determined.

The eye sensors include, without limitation, any number
and combination of an eye gaze direction module, a ver-
gence sensor, a pupillometry sensor, an optical depth sensor,
or any other technically feasible type of physiological sensor
via which the gaze direction and/or eye convergence dis-
tance of a human being can be determined. The audio
sensors include, without limitation, any number and types of
a microphone, microphone array, or any other technically
feasible type of sensor via which words and/or sounds
associated with a human being can be determined.
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The body sensors include, without limitation, any number
and combination of optical sensors via which the gesticu-
lation and/or posture of a human being can be determined,
musculature sensors via which the muscle contractions of a
human being can be determined, breathing rate sensors via
which the breathing rate of a human being can be deter-
mined, heart rate sensors via which of electrocardiogram
readings of a human being can be determined, pulse oxi-
meters via which the pulse rate of a human being can be
determined, weight sensors during which the weight distri-
bution of any number of human beings can be determined,
and any other technically feasible types of physiological
sensors via which any quantifiable aspects of the body of a
human being (e.g., a body position, a body orientation, etc.)
can be determined.

The skin sensors include, without limitation, any number
and combination of a galvanic skin response sensor, a skin
conduction sensor, a skin texture sensor, or any other tech-
nically feasible type of physiological sensor via which at
least one characteristic of the skin of a human being (e.g., a
skin conductivity) can be quantified. The neural sensors
include, without limitation, any number and combination of
a neural activity measurement device (e.g., an electroen-
cephalogram sensor), a functional magnetic resonance imag-
ing unit, an optogenetics module, or any other technically
feasible type of physiological sensor via which any form of
human neural activity can be quantified.

To increase driving safety and improve the overall driving
experiences of the driver 104, the system 100 implements a
DMS (not explicitly shown) that includes, without limita-
tion, the occupant sensors 106 and a DMS application 180.
In some embodiment, the DMS application 180 resides in
the memory 116(1) of the compute instance 110(1) and
executes on the processor 112(1) of the compute instance
110(1). As shown, in some embodiments, the compute
instance 110(1) is external to the vehicle 102. In some other
embodiments, the computer instance 110(1) is internal to the
vehicle 102. In the same or other embodiments, the compute
instance 110(1) can be integrated into the vehicle 102 in any
technically feasible fashion. For instance, in some embodi-
ments, the compute instance 110(1) is included in the
instrument cluster 122. In some embodiments, the DMS can
include, without limitation, any number and/or types of
DMS applications 180 that reside in the memories 116 of
any number of compute instances 110 and execute on the
processors 112 of any number of compute instances 110 in
any combination.

In some embodiments, as the vehicle 102 operates, the
DMS application 180 continually or repeatedly receives any
number and/or types of occupant sensor datasets 152 from
the occupant sensors 106. The occupant sensor datasets 152
are also referred to herein individually as “the occupant
sensor dataset 152.” In some embodiments, each of the
occupant sensor datasets 152 is associated with the occupant
sensor 106 that generated the occupant sensor dataset 152
and a timestamp that indicates the point it time at which the
occupant sensor 106 generated the occupant sensor dataset
152. In the same or other embodiments, each of the occupant
sensor datasets 152 is associated with any number of the
occupants of the vehicle 102 in any technically feasible
fashion.

In some embodiments, the vehicle 102, any number of the
occupant sensors 106, any number of other components
included in the vehicle 102, or any combination thereof can
transmit any number and/or types of the occupant sensor
datasets 152 to any number of software applications (includ-
ing the DMS application 180) in any technically feasible
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fashion. In the same or other embodiments, the DMS
application 180 can acquire any number and/or types of the
occupant sensor datasets 152 from any number of software
applications, the vehicle 102, any number of the occupant
sensors 106, any number of other components included in
the vehicle 102, or any combination thereof in any techni-
cally feasible fashion.

The DMS application 180 estimates and/or monitors any
number and/or types of behavior and/or characteristics asso-
ciated with any number of the occupants of the vehicle 102
based on the occupant sensor datasets 152 in any technically
feasible fashion. In some embodiments, the DMS applica-
tion 180 performs any number and/or types of eye lid
analysis operations based on any number of the occupant
sensor datasets 152 to estimate and monitor the fatigue level
of the driver 104. In the same or other embodiments, the
DMS application 180 performs any number and/or types of
eye gaze direction analysis operations based on any number
of the occupant sensor datasets 152 to estimate and monitor
the distraction level of the driver 104.

As the vehicle 102 operates, the DMS application 180
continually and/or repeatedly determines whether and/or
how to generate any number and/or types of in-vehicle alerts
188 based, at least in part, on the behavior and/or charac-
teristics associated with the occupants of the vehicle 102.
The in-vehicle alerts 188 are also referred to herein indi-
vidually as “the in-vehicle alert 188.” Each of the in-vehicle
alerts 188 notifies at least one occupant of the vehicle 102 of
undesirable and/or potentially unsafe behavior and/or char-
acteristics associated with any number of the occupants of
the vehicle 102. In some embodiments, each of the in-
vehicle alerts 188 is intended to notify the driver 104 of
undesirably and/or potentially unsafe behavior and/or char-
acteristics associated with the driver 104.

As shown, in some embodiments, the DMS application
180 includes, without limitation, any number and/or types of
alert characteristics 182. The alert characteristics 182 are
also referred to herein individually as “alert characteristic
182.” Each of the alert characteristics 182 influences at least
one aspect of how and/or when the DMS application 180
generates the in-vehicle alerts 188. Although not shown, in
some embodiments, the alert characteristics 182 include,
without limitation, a characteristic that is a delivery modal-
ity, a characteristic that is an intensity, and a characteristic
that is a minimum repetition interval. A characteristic that is
a delivery modality is also referred to herein as a “delivery
modality characteristic,” a characteristic that is an intensity
is also referred to herein as an “intensity characteristic,” and
a characteristic that is a minimum repetition interval is also
referred to herein as a “minimum repetition interval char-
acteristic.” For example, the alert characteristics 182 could
include, without limitation, a delivery modality characteris-
tic of female voice transmission, an intensity characteristic
of high, and a minimum repetition interval characteristic of
five seconds. Accordingly, the DMS application 180 gener-
ates verbal in-vehicle alerts using a female voice speaking at
a loud volume at a minimum repetition interval of five
seconds.

The DMS application 180 can cause the vehicle 102 to
issue each of the in-vehicle alerts 188 in any technically
feasible fashion. As shown, in some embodiments, the DMS
application 180 transmits the in-vehicle alerts 188 to the
vehicle 102. Each of the in-vehicle alerts 188 can be
associated with any component included in the vehicle 102
and can cause the associated component to issue the in-
vehicle alert 188 in any technically feasible fashion. For
example, the in-vehicle alert 188 could be an audio signal
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that is transmitted to a speaker or speaker system included
in the vehicle 102 that, upon receiving the audio signal,
issues the in-vehicle alert 188 verbally.

As described previously herein, one drawback of conven-
tional DMS applications is that conventional DMS applica-
tions can repeatedly generate in-vehicle alerts that become
annoying to drivers and cause drivers to not pay attention to
the in-vehicle alerts or stop using the DMSs altogether.
Another drawback of conventional DMS applications is that
a typical conventional DMS application generates in-vehicle
alerts based on predetermined alert characteristics that are
effective for only some drivers. Other drivers might find
in-vehicle alerts characterized by these predetermined alert
characteristics irritating and/or distracting and, as a result,
ignore in-vehicle alerts or disable the DMS.

Tailoring In-Vehicle Alerts to Individual Drivers

To address the above problems, the system 100 includes,
without limitation, an alert personalization application 130
that automatically causes the DMS application 180 to
modify any number of the alert characteristics 182 to reduce
negative reactions of one or more of the occupants to the
in-vehicle alerts 188. As shown, in some embodiments, the
alert personalization application 130 resides in the memory
116(2) of the compute instance 110(2) and executes on the
processor 112(2) of the compute instance 110(2). In some
embodiments, the compute instance 110(2) is external to the
vehicle 102. In some other embodiments, the computer
instance 110(2) is internal to the vehicle 102. In the same or
other embodiments, the alert personalization application 130
can be integrated into the vehicle 102 in any technically
feasible fashion. For instance, in some embodiments, the
compute instance 110(2) is included in the instrument cluster
122. In the same or other embodiments, the alert personal-
ization application 130 can reside in the memories 116 of
any number of compute instances 110 and execute on the
processors 112 of any number of compute instances 110 in
any combination.

In some embodiments, the alert personalization applica-
tion 130 and the DMS application 180 both reside one of the
memories 116 and/or both execute on one of the processors
112. In the same or other embodiments, any portion (includ-
ing all) of the functionality described herein within respect
to the alert personalization application 130 and any portion
(including all) of the functionality described herein within
respect the DMS application 180 are integrated into a single
software application.

In some embodiments, the alert personalization applica-
tion 130 automatically causes the DMS application 180 to
modify any number of the alert characteristics 182 to reduce
annoyance levels 148 associated with the driver 104 of the
vehicle 102 during any number of driving sessions (not
shown). As used herein, a “driving session” refers to a period
of time during which the vehicle 102 is continuously oper-
ating. The annoyance levels 148 are also referred to herein
individually as “the annoyance level 148.” Each of the
annoyance levels 148 is an estimated level of annoyance
associated with one or more occupants (e.g., the driver 104)
at an associated point in time. Accordingly, over each
driving session, the driver 104 is associated with a sequence
of annoyance levels 148.

As shown, in some embodiments, the alert personalization
application 130 includes, without limitation, an individual
profile 160, an annoyance sensing engine 140, and an
annoyance reduction engine 170. The individual profile 160
specifies, without limitation, any number and/or types of
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alert preferences (not shown) directly expressed by the
driver 104 of the vehicle 102 in any technically feasible
fashion. In some embodiments, the individual profile 160
includes, without limitation, any number and/or types of
preferred alert characteristics.

In some embodiments, at the start of each driving session,
the alert personalization application 130 acquires the indi-
vidual profile 160 associated with the driver 104 of the
vehicle 102. The alert personalization application 130 can
acquire the individual profile 160 in any technically feasible
fashion. In some embodiments, the alert personalization
application 130 attempts to read the individual profile 160
from any type of memory 116 that can be in any location
(e.g., one of the components of the vehicle 102, a cloud
environment, etc.) that is accessible to the alert personal-
ization application 130. If the alert personalization applica-
tion 130 is unable to read the individual profile 160 from the
memory 116, then the alert personalization application 130
generates the individual profile 160 that specifies no alert
preferences.

During each driving session, the alert personalization
application 130 updates the individual profile 160 to reflect
any number and/or types of alert preference commands (not
shown) issued by the driver 104 via any number and/or type
of components of the vehicle 102. In some embodiments, the
alert personalization application 130 can receive alert pref-
erence commands that are generated in response to input
received from the driver 104 via a menu that is included in
any type of software application that executes on one of the
compute instances 110 included in the vehicle 102. In the
same or other embodiments, the alert personalization appli-
cation 130 can receive alert preference commands that are
generated in response to the driver 104 interacting with any
number and/or type of interface mechanisms integrated into
the vehicle 102. In the same or other embodiments, the alert
personalization application 130 can receive alert preference
commands that are generated in response to verbal com-
mands issued by the driver 104.

Whenever the alert personalization application 130
acquires and/or updates the individual profile 160, the
annoyance reduction engine 170 causes the DMS applica-
tion 180 to automatically modify the alert characteristics 182
to comply with the individual profile 160. The annoyance
reduction engine 170 can cause the DMS application 180 to
automatically modify the alert characteristics 182 in any
technically feasible fashion.

As shown, in some embodiments, the annoyance reduc-
tion engine 170 generates any number of modification
specifications 178 during each driving session. The modifi-
cation specifications 178 are also referred to herein indi-
vidually as “the modification specification 178.” Each of the
modification specifications 178 specifies, without limitation
any number of modifications to any number of the alert
characteristics 182 in any technically feasible fashion. The
annoyance reduction engine 170 can generate any number of
the modification specifications 178 based on updates to the
individual profile 160. As described in greater detail below,
the annoyance reduction engine 170 can generate any num-
ber of the modification specifications 178 based on negative
reactions of the driver 104 to the in-vehicle alerts 188.

Upon generating each of the modification specifications
178, the annoyance reduction engine 170 transmits the
modification specification 178 to the DMS application 180.
Consequently, over each driving session, the annoyance
reduction engine 170 transmits a sequence of the modifica-
tion specifications 178 to the DMS application 180. Upon
receiving each of the modification specifications 178, the
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DMS application 180 modifies one or more of the alert
characteristics 182 as per the modification specification 178.

In some embodiments, after each driving session is com-
plete, the alert personalization application 130 stores the
individual profile 160 in any type of memory 116. The
memory 116 can be in any location (e.g., one of the
components of the vehicle 102, a cloud environment, etc.),
that is accessible to the alert personalization application 130.
In this fashion, the alert personalization application 130
retains the alert preferences expressed by the driver 104
between driving sessions.

In some embodiments, as the vehicle 102 operates, the
alert personalization application 130 continually or repeat-
edly receives any number and/or types of occupant sensor
datasets 152 from the occupant sensors 106. In the same or
other embodiments, the vehicle 102, any number of the
occupant sensors 106, any number of other components
included in the vehicle 102, or any combination thereof can
transmit any number and/or types of the occupant sensor
datasets 152 to the alert personalization application 130 in
any technically feasible fashion. In some embodiments, the
alert personalization application 130 can acquire any num-
ber and/or types of the occupant sensor datasets 152 from
any number of software applications, the vehicle 102, any
number of the occupant sensors 106, any number of other
components included in the vehicle 102, or any combination
thereof in any technically feasible fashion.

In some embodiments, during each driving session, the
annoyance sensing engine 140 repeatedly estimates the
annoyance level 148 associated with the driver 104 based on
the occupant sensor datasets 152 that the annoyance sensing
engine 140 has received thus-far. In some embodiments, the
annoyance sensing engine 140 estimates the annoyance level
148 associated with the driver 104 continually and/or in
real-time. In some other embodiments, the annoyance sens-
ing engine 140 estimates the annoyance level 148 of the
driver 104 in response to any number and/or types of trigger
(e.g., every second). The annoyance sensing engine 140 can
estimate the annoyance level 148 associated with the driver
104 at any point in time in any technically feasible fashion.

As shown, in some embodiments, the annoyance sensing
engine 140 includes, without limitation, an auditory annoy-
ance detector 142, a visual annoyance detector 144, and a
physiological annoyance detector 146. The auditory annoy-
ance detector 142, the visual annoyance detector 144, and
the physiological annoyance detector 146 repeatedly evalu-
ate any amount and/or types of auditory sensor data, visual
sensor data, and physiological sensor data, respectively,
included in the occupant sensor datasets 152 to provide
insight into the annoyance level 148 associated with the
driver 104.

In some embodiments, the auditory annoyance detector
142 generates an auditory-based annoyance estimate (not
shown) based, at least in part, on simple voice tones and/or
words that provide insight into the annoyance level 148
associated with the driver 104. For example, the auditory
annoyance detector 142 could generate the auditory-based
annoyance estimate based on the tone of voice and/or the
words with which the driver 104 responds one of the
in-vehicle alerts 188. In the same or other embodiments, the
auditory annoyance detector 142 generates an auditory-
based annoyance estimate based, at least in part, on any
number and/or types of algorithms that perform emotion
analysis based on voice.

In some embodiments, the visual annoyance detector 144
generates a visual-based annoyance estimate (not shown)
based, at least in part, on facial contortions that are indica-
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tive of annoyance, such as eyebrow raising, squinting, etc. In
some embodiments, because different cultures and different
people use different facial contortions to express annoyance,
the visual annoyance detector 144 generates a facial con-
tortion baseline (not shown) for the driver 104 and generates
the visual-based annoyance estimate based on computing
deviations from the facial contortion baseline. In the same or
other embodiments, the visual annoyance detector 144 gen-
erates the visual-based annoyance estimate based, at least in
part, on techniques that detect and evaluate observable facial
landmark action units.

In some embodiments, the visual annoyance detector 144
applies any number and/or type of remote-photoplethys-
mography techniques to visual sensor data to detect heart
rate and/or heart rate variability changes. The visual annoy-
ance detector 144 then computes the visual-based annoyance
estimate based, at least in part, on the detected heart rate
and/or the heart rate variability changes.

In some embodiments, the physiological annoyance
detector 146 generates a physiological-based annoyance
estimate (not shown) based, at least in part, on heart rate
and/or heart rate variability changes detected via physiologi-
cal sensor data. In the same or other embodiments, the
physiological annoyance detector 146 generates a physi-
ological-based annoyance estimate based at least in part, on
galvanic skin response changes and/or changes in a force
(e.g., grip force) associated with a steering-wheel using
physiological sensor data measured by any number and/or
type of steering wheel sensors.

In some embodiments, the annoyance sensing engine 140
repeatedly estimates the annoyance level 148 of the driver
104 at the current point in time based on the auditory-based
annoyance estimate, the visual-based annoyance estimate,
and the physiological-based annoyance estimate at the cur-
rent point in time. The annoyance sensing engine 140 can
aggregate the auditory-based annoyance estimate, the
visual-based annoyance estimate, and the physiological-
based annoyance estimate in any technically feasible fashion
to compute the annoyance level 148. Furthermore, the
auditory annoyance detector 142, the visual annoyance
detector 144, the physiological annoyance detector 146, and
the annoyance sensing engine 140 can specify the auditory-
based annoyance estimate, the visual-based annoyance esti-
mate, the physiological-based annoyance estimate, and the
annoyance level 148 with respect to any number and/or
types of scales.

Upon computing the annoyance level 148 associated with
the current time, the annoyance sensing engine 140 trans-
mits the annoyance level 148 to the annoyance reduction
engine 170 in any technically feasible fashion. Accordingly,
over the driving session, the annoyance sensing engine 140
transmits a sequence of the annoyance levels 148 to the
annoyance reduction engine 170, where each of the annoy-
ance levels 148 is associated with a different point in time.
In some embodiments, each of the annoyance levels 148 is
associated with a different timestamp that indicates the
associated point in time.

As noted previously herein, during the driving session, the
annoyance reduction engine 170 can generate any number of
the modification specifications 178 based on negative reac-
tions of the driver 104 to one or more of the in-vehicle alerts
188. In some embodiments, the annoyance reduction engine
170 detects negative reactions of the driver 104 to one or
more of the in-vehicle alerts 188 based on the annoyance
levels 148 and the in-vehicle alerts 188.

To detect negative reactions to in-vehicle alerts 188, the
annoyance reduction engine 170 directly and/or indirectly
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monitors the in-vehicle alerts 188 in any technically feasible
fashion. Although not shown, in some embodiments, when
the DMS application 180 transmits each of the in-vehicle
alerts 188 to the vehicle 102, the DMS application 180 also
transmits the in-vehicle alert 188 to the alert personalization
application 130.

In some other embodiments, the annoyance reduction
engine 170 indirectly monitors the in-vehicle alerts 188 via
alert notifications 186. The alert notifications 186 are also
referred to herein individually as “the alert notification 186.”
Each of the alert notifications 186 corresponds to a different
one of the in-vehicle alerts 188. When the DMS application
180 generates each of the in-vehicle alerts 188, the DMS
application 180 also generates the corresponding alert noti-
fication 186. When the DMS application 180 transmits each
of the in-vehicle alerts 188 to the vehicle 102, the DMS
application 180 also transmits the corresponding alert noti-
fication 186 to the annoyance reduction engine 170.

Each of the alert notifications 186 includes, without
limitation, any amount and/or type of data associated with
the corresponding in-vehicle alert 188. Each of the alert
notifications 186 is associated with the same point in time as
the corresponding in-vehicle alert 188. In some embodi-
ments, each of the alert notifications 186 is associated with
a different timestamp that indicates the point in time asso-
ciated with the corresponding in-vehicle alert 188. In some
embodiments, the annoyance reduction engine 170 receives,
over time, a sequence of the alert notifications 186 from the
DMS application 180.

The annoyance reduction engine 170 can detect negative
reactions of the driver 104 to one or more of the in-vehicle
alerts 188 in any technically feasible fashion. As described
in greater detail in conjunction with FIG. 2, in some embodi-
ments, the annoyance reduction engine 170 repeatedly com-
putes an annoyance increase (not shown in FIG. 1) associ-
ated with the current point in time based on the annoyance
levels 148 associated with the driver 104. Upon detecting an
annoyance increase that meets an increase criterion (not
shown in FIG. 1), the annoyance reduction engine 170
performs any number and type of temporal correlation
operations between the annoyance increase and the alert
notifications 186 to estimate whether the annoyance increase
is associated with a negative reaction to at least one of the
in-vehicle alerts 188. Estimating that the annoyance increase
is associated with a negative reaction to at least one of the
in-vehicle alerts 188 is also referred to herein as detecting a
negative reaction to at least one of the in-vehicle alert 188

If, at any point in time, the annoyance reduction engine
170 detects a negative reaction to at least one of the
in-vehicle alerts 188, then the annoyance reduction engine
170 generates a new modification specification 178 that is
intended to reduce subsequent negative reactions to the
in-vehicle alerts 188. The modification specification 178 can
specify any number and/or type of modifications to any
number of the alert characteristics 182 in any technically
feasible fashion. A modification to any number of the alert
characteristics 182 is also referred to herein as an “alert
modification.” In some embodiments, each alert modifica-
tions is, without limitation, a replacement characteristic for
one of the alert characteristics 182, an addition to the alert
characteristics 182, or a deletion from the alert characteris-
tics 182. In the same or other embodiments, the modification
specification 178 specifies, without limitation, any number
of replacement characteristics for any number of the alert
characteristics 182, any number of additions to the alert
characteristics 182, any number of deletions from the alert
characteristics 182, or any combination thereof.
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The annoyance reduction engine 170 can determine the
modification specification 178 in any technically feasible
fashion. In some embodiments, the annoyance reduction
engine 170 implements any number and/or types of rules,
any number and/or types of algorithms, any number and/or
types of heuristics, any number and/or types of machine
learning techniques, any number and/or type of operations,
or any combination thereof to determine the modification
specification 178 based on any amount and/or types of
relevant data.

In some embodiments, and as described in greater detail
in conjunction with FIG. 2, the alert characteristics 182
include, without limitation, a different alert characteristic
182 for each of any number of characteristic types (not
shown in FIG. 1). Some examples of characteristic types
include, without limitation, delivery modality, intensity, and
minimum repetition interval. Each of the characteristic types
is associated with a current characteristics (not shown in
FIG. 1) that is equal to the corresponding alert characteristic
182 and a different allowed characteristic set (not shown in
FIG. 1). The annoyance reduction engine 170 performs any
number and/or types of operations to determine any number
of replacement characteristics for any number of the alert
characteristics 182. In some embodiments, the annoyance
reduction engine 170 selects the replacement characteristics
based on the allowed characteristic sets while ensuring that
the replacement characteristics comply with the individual
profile 160. The annoyance reduction engine 170 then
generates the modification specification 178 specifying that
each of the replacement characteristics should replace the
associated alert characteristic 182.

For instance, in some embodiments, the annoyance reduc-
tion engine 170 determines and selects one or more of the
alert characteristics 182 that should be replaced based on
any number and/or types of heuristics, rules, and/or algo-
rithms. The annoyance reduction engine 170 also determines
that each of the selected alert characteristics 182 should be
replaced with one of the allowed characteristics of the same
characteristic type as the selected alert characteristics 182.
For each of the selected alert characteristics 182, the annoy-
ance reduction engine 170 selects a replacement character-
istic that is not equal to the selected alert characteristic 182
from the allowed characteristic set associated with the
selected alert characteristic 182 based on any number and/or
types of heuristics, rules, and/or algorithms. For each of the
selected alert characteristics 182, if the replacement char-
acteristic does not comply with the individual profile 160,
then the annoyance reduction engine 170 selects a different
replacement characteristic based on any number and/or
types of heuristics, rules, and/or algorithms. The annoyance
reduction engine 170 then generates the modification speci-
fication 178 specifying, without limitation, that each of the
selected alert characteristics 182 should be replaced with the
associated replacement characteristic.

For instance, in some embodiments, the annoyance reduc-
tion engine 170 randomly determines that the alert charac-
teristic 182 of “male voice transmission” should be replaced.
The alert characteristic 182 of “male voice transmission” is
a delivery modality. The annoyance reduction engine 170
then randomly selects the replacement characteristic of
“steering wheel vibration” from the allowed characteristic
set for the characteristic type of delivery modality. The
annoyance reduction engine 170 then generates the modifi-
cation specification 178 specifying that the alert character-
istic 182 of “male voice transmission” should be replaced
with “steering wheel vibration.”
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Although not shown, in some embodiments, the annoy-
ance reduction engine 170 generates any number of the
modification specifications 178 based, at least in part, on a
driving session database and/or a personalized driving data-
base that is generated by the alert personalization application
130. In some embodiments, the driving session database
includes, without limitation, any amount and/or types of data
that is associated with the current driving session and is
relevant to reducing negative reactions to the in-vehicle
alerts 188. In the same or other embodiments, the person-
alized driving database includes, without limitation, any
amount and/or types of data that is associated with any
number of previous driving sessions that are associated with
the driver 104 and is relevant to reducing negative reactions
to the in-vehicle alerts 188.

In some embodiments, during each of the driving ses-
sions, the alert personalization application 130 stores the
alert characteristics 182, the occupant sensor datasets 152,
the alert notifications 186, the annoyance levels 148, and the
modification specifications 178 in the driving session data-
base. After the driving session, the alert personalization
application 130 adds any amount of the data stored in the
driving session database to the personalized training data-
base associated with the driver 104.

Although not shown, in some other embodiments, the
alert personalization application 130 uses a trained machine
learning model to determine the modification specifications
178. The trained machine learning model can include, with-
out limitation, any number and/or types of machine learning
models that are trained in any technically feasible fashion to
map different negative reactions to in-vehicle alerts 188 to
one or more alert modifications. After mapping a negative
reaction to one or more alert modifications via the trained
machine learning model, the alert personalization applica-
tion 130 generates the modification specification 178 that
specifies, without limitation, the one or more alert modifi-
cations.

In some embodiments, each of any number of drivers 104
are associated with a different trained machine learning
model. For each of the drivers 104, any number and type of
training operations are performed on an untrained or par-
tially machine learning model based on a personalized
training database. Each of the personalized training data-
bases includes, without limitation, any amount and/or types
of data that is relevant to reducing any negative reactions of
the associated driver 104 to the in-vehicle alerts 188. In
some embodiments, each of the personalized training data-
bases includes, without limitation, any number of the alert
characteristics 182, the occupant sensor datasets 152, the
alert notifications 186, the annoyance levels 148, and the
modification specifications 178 for any number of driver
sessions.

In some embodiments, at the start of each driving session,
the alert personalization application 130 acquires the most
recent version of a trained machine learning model associ-
ated with the driver 104 or a default trained machine
learning model. As described previously herein, during the
driving session, the alert personalization application 130
stores the alert characteristics 182, the occupant sensor
datasets 152, the alert notifications 186, the annoyance
levels 148, and the modification specifications 178 in a
driving session database. After the driving session, the alert
personalization application 130 adds any amount of the data
stored in the driving session database to the personalized
training database associated with the driver 104. Subse-
quently, a training application (not shown) re-trains the
trained machine learning model associated with the driver
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104 or the default trained machine learning model based on
the personalized training database to generate a new version
of the trained machine learning model associated with the
drier 104.

In this fashion, over time, each of the trained machine
learning models learns to tailor the alert characteristics 182
to reduce negative reactions of the associated driver 104 to
the in-vehicle alerts 188. In particular, each of the trained
machine learning models can learn strategies that mitigate
individual patterns of the in-vehicle alerts 188 that lead to
negative reactions of the associated drivers 104. In some
embodiments, the trained machine learning model could
disable one or more types of the in-vehicle alerts 188. For
example, the trained machine learning model associated
with a given driver 104 could learn to generate alert modi-
fications that disable the in-vehicle alerts 188 associated
with watching the road during the first few minutes of each
driving session (e.g., when the driver 104 typically backs the
vehicle 102 out of a garage).

The annoyance reduction engine 170 can cause the DMS
application 180 to implement the modification specifications
178 in any technically feasible fashion. In some embodi-
ments, upon generating the modification specification 178,
the annoyance reduction engine 170 transmits the modifi-
cation specifications 178 to the DMS application 180. Upon
receiving each of the modification specifications 178, the
DMS application 180 modifies one or more of the alert
characteristics 182 as per the modification specification 178.

Note that the techniques described herein are illustrative
rather than restrictive and may be altered without departing
from the broader spirit and scope of the embodiments. Many
modifications and variations will be apparent to those of
ordinary skill in the art without departing from the scope and
spirit of the described embodiments and techniques. Further,
in various embodiments, any number of the techniques
disclosed herein may be implemented while other tech-
niques may be omitted in any technically feasible fashion.

In some embodiments, the alert personalization applica-
tion 130 detects and reduces any number of types of negative
reactions to in-vehicle alerts in any technically feasible
fashion and the techniques described herein are modified
accordingly. For instance, although not shown, in some
embodiments, the alert personalization application 130
includes, without limitation, any number of individual pro-
files 160, a negative emotion sensing engine instead of the
annoyance sensing engine 140, and a negative emotion
reduction engine instead of the annoyance reduction engine
170.

Each of the individual profiles 160 is associated with a
different occupant of the vehicle 102. The alert personaliza-
tion application 130 acquires, updates, and stores the indi-
vidual profiles 160 in any technically feasible fashion. The
negative emotion reduction engine determines any number
of modification specifications 178 based on the individual
profiles 160 and/or changes to the individual profiles 160 in
any technically feasible fashion. In some embodiments,
upon generating the modification specification 178, the
negative emotion reduction engine transmits the modifica-
tion specifications 178 to the DMS application 180.

In some embodiments, the negative emotion sensing
engine repeatedly estimates levels of any number of nega-
tive emotions or “negative emotion levels” associated with
any number of the occupants of the vehicle 102 based on the
occupant sensor datasets 152. Some examples of negative
emotions include, without limitation, sadness, anger, frus-
tration, annoyance, rage, disgust, guilt, fear, anxiety, etc. The

20

25

40

45

60

16

negative emotion sensing engine transmits the negative
emotion levels to the negative emotion reduction engine.

The negative emotion reduction engine performs any
number and types of operations including, without limita-
tion, any number and/or types of temporal correlation opera-
tions based on the negative emotion levels and the alert
notifications 186 to estimate negative reactions of any
number of the occupants of the vehicle 102 to the in-vehicle
alerts 188. In some embodiments, for each estimated nega-
tive reaction, the negative emotion reduction engine gener-
ates a new modification specification 178 specifying any
number of modifications to any number of the alert charac-
teristics 182. Upon generating each of the modification
specifications 178, the negative emotion reduction engine
transmits the modification specifications 178 to the DMS
application 180.

In some embodiments, the alert personalization applica-
tion 130 detects negative reactions to any number and/or
types of the in-vehicle alerts 188 that are generated by any
number and/or type of software applications and/or compo-
nents of the vehicle 102 in any technically feasible fashion.
In some embodiments, the alert personalization application
130 detects negative reactions to in-vehicle alerts 188 gen-
erated by the vehicle 102 itself warning that one or more of
the occupants is not wearing a seat belt while the vehicle 102
is moving. In the same or other embodiments, the alert
personalization application 130 modifies any number and/or
types of alert characteristics 182 associated with any number
of software application and/or components of the vehicle
102 in any technically feasible fashion in response to any
types of negative reactions.

In some embodiments, the alert personalization applica-
tion 130 modifies any number of alert characteristics 182
based on any amount and/or type of data instead of or in
addition to any number of the occupant sensor datasets 152,
the in-vehicle alerts 188, and the individual profile 160. For
instance, in some embodiments, the alert personalization
application 130 can modify the alert characteristics 182
based, at least in part, on sensor data received from the
outward-facing sensors 126 and/or the vehicle sensors 128.
For instance, in some embodiments, the alert personalization
application 130 modifies the alert characteristics 182 to
reduce the intensity and/or increase the minimum repetition
interval of the in-vehicle alerts 188 when the transmission of
the vehicle 102 is put into reverse. Subsequently, when the
transmission of the vehicle 102 is put into drive, the alert
personalization application 130 modifies the alert character-
istics 182 to increase the intensity and/or decrease the
minimum repetition interval of the in-vehicle alerts 188.

It will be appreciated that the system shown herein is
illustrative and that variations and modifications are pos-
sible. The connection topology, including the location and
arrangement of the vehicle 102, the compute instances 110,
the DMS application 180, and the alert personalization
application 130 can be modified as desired. In certain
embodiments, one or more components shown in FIG. 1
may not be present. For instance, in some alternate embodi-
ments, any amount of the functionality of the alert person-
alizing application 130 and the DMS application 180 can be
subsumed into a single software application.

Reducing Driver Annoyance Associated with
In-Vehicle Alerts

FIG. 2 is a more detailed illustration of the annoyance
reduction engine 170 of FIG. 1, according to various
embodiments. For explanatory purposes only, FIG. 2 depicts
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the annoyance reduction engine 170 in the context of
generating the modification specification 178 at a current
point in time during a driving session and transmitting the
modification specification 178 to the DMS application 180
(not shown in FIG. 2). In some embodiments, the annoyance
reduction engine 170 generates the modification specifica-
tion 178 based on the alert notifications 186, the annoyance
levels 148, and the individual profile 160.

The annoyance reduction engine 170 includes, without
limitation, a correlation dataset 210, a temporal alignment
engine 220, and an alert modification engine 230. The
correlation dataset 210 includes, without limitation, an alert
notification time series 212 and an annoyance level time
series 214. At the start of each driving session, the annoy-
ance reduction engine 170 generates the correlation dataset
210 that includes, without limitation, the alert notification
time series 212 that has no entries, and the annoyance level
time series 214 that has no entries.

As the annoyance reduction engine 170 receives each of
the alert notifications 186 from the DMS application 180, the
annoyance reduction engine 170 appends the alert notifica-
tion 186 and an associated timestamp (not shown) to the
alert notification time series 212. As the annoyance reduc-
tion engine 170 receives each of the annoyance levels 148
from the annoyance sensing engine 140 (not shown in FIG.
2), the annoyance reduction engine 170 appends the annoy-
ance level 148 and an associated timestamp (not shown) to
the annoyance level time series 214.

As shown, in some embodiments, the temporal alignment
engine 220 includes, without limitation, an annoyance
increase 222, an increase criterion 224, a temporal correla-
tion criterion 226, and an adaptation request 228. When the
annoyance reduction engine 170 appends a new annoyance
level 148 to the annoyance level time series 214, the
temporal alignment engine 220 computes the annoyance
increase 222. For explanatory purposes only, at any given
point in time, the annoyance level 148 that is the last entry
included in the annoyance level time series 214 is also
referred to herein as the “current annoyance level 148.” The
annoyance increase 222 quantifies a difference between the
current annoyance level 148 and one of the other annoyance
levels 148 included in the annoyance level time series 214.
In some embodiments, the annoyance increase 222 is asso-
ciated with the same timestamp as the current annoyance
level 148. The temporal alignment engine 220 can compute
the annoyance increase 222 in any technically feasible
fashion.

In some embodiments, the temporal alignment engine 220
subtracts the annoyance level 148 that immediately precedes
the current annoyance level 148 in the annoyance level time
series 214 from the current annoyance level 148 to compute
the annoyance increase 222. Accordingly, the annoyance
increase 222 can be negative, thereby indicating an annoy-
ance decrease. In some other embodiments, the temporal
alignment engine 220 divides the current annoyance level
148 by the annoyance level 148 that immediately precedes
the current annoyance level 148 in the annoyance level time
series 214 to compute the annoyance increase 222 as a ratio.

Although not shown, in yet other embodiments, the
temporal alignment engine 220 selects the annoyance levels
148 from the annoyance level time series 214 that are
associated with timestamps that are within a comparison
time window (e.g., 2 seconds) of the timestamp associated
with the current annoyance level 148. For each of the
selected annoyance levels 148, the temporal alignment
engine 220 subtracts the selected annoyance level 148 from
the current annoyance level 148 to compute an annoyance
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difference. The temporal alignment engine 220 then sets the
annoyance increase 222 equal to the maximum of the
annoyance differences. In this fashion, the temporal align-
ment engine 220 captures changes in the annoyance of the
driver 104 that occur gradually within the comparison time
window.

Subsequently, the temporal alignment engine 220 deter-
mines whether or not the annoyance increase 222 meets the
increase criterion 224. The increase criterion 224 can specify
any number and/or type of conditions that are indicative of
a negative reaction. For instance, in some embodiments, the
annoyance increase 222 is a ratio and the increase criterion
224 specifies that the annoyance increase 222 is at least 1.2.

If the annoyance increase 222 does not meet the increase
criterion 224, then the annoyance reduction engine 170 does
not generate the modification specification 178 based on the
current annoyance level 148. If, however, the annoyance
increase 222 meets the increase criterion 224, then the
temporal alignment engine 220 determines whether the
annoyance increase 222 is indicative of a negative reaction
to one of the in-vehicle alerts 188 based on the annoyance
level time series 214, the alert notification time series 212,
and the temporal correlation criterion 226.

The temporal correlation criterion 226 specifies any num-
ber and/or type of conditions defining any number and/or
types of temporal correlations that indicate that the annoy-
ance increase 222 is a negative reaction to at least one of the
in-vehicle alerts 188. The temporal alignment engine 220
can perform any number and/or types of temporal correla-
tion operations between the annoyance level time series 214
and the alert notification time series 212 to determine
whether or not the annoyance increase 222 meets the tem-
poral correlation criterion 226.

In some embodiments, the temporal correlation criterion
226 specifies that at least one of the in-vehicle alerts 188
occurs within a reaction time interval (not shown) relative to
the timestamp associated with the annoyance increase 222
(e.g., a five second interval that ends at the timestamp
associated with the annoyance increase 222). The temporal
alignment engine 220 determines the reaction time interval
based on the timestamp associated with the annoyance
increase 222. The temporal alignment engine 220 then
selects any of the alert notifications 186 from the alert
notification time series 212 that lie within the reaction time
interval.

If the temporal alignment engine 220 selects none of the
alert notifications 186, then the annoyance increase 222 does
not meet temporal correlation criterion 226, and the annoy-
ance reduction engine 170 does not generate the modifica-
tion specification 178 based on the current annoyance level
148. If, however, the annoyance increase 222 meets both the
increase criterion 224 and the temporal correlation criterion
226, then the temporal alignment engine 220 generates the
adaption request 228. The adaptation request 228 can
specify, without limitation, any amount and/or types of data
that is relevant to generating the modification specification
178 in any technically feasible fashion.

In some embodiments, the adaptation request 228 is a
trigger that causes the alert modification engine 230 to
generate the modification specification 178. In the same or
other embodiments, the adaptation request 228 specifies,
without limitation, any amount and/or types of data associ-
ated with the selected alert notifications 186, the associated
in-vehicle alerts 188, the vehicle 102, the driver 104, or any
combination thereof. For instance, in some embodiments,
the adaptation request 228 specifies, without limitation, a
type of the in-vehicle alert 188 (e.g., not looking at the road
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ahead) and a speed of the vehicle 102. The temporal align-
ment engine 220 can generate the adaptation request 228 in
any technically feasible fashion based on any amount and/or
types of data. For instance, in some embodiments, the
temporal alignment engine 220 monitors vehicle sensor data
generated by the vehicle sensors 128 and generates the
adaptation request 228 based, at least in part, on the vehicle
sensor data.

If the temporal alignment engine 220 does not generate
the adaption request 228, then the annoyance reduction
engine 170 does not generates the modification specification
178 based on the current annoyance level 148. Otherwise,
the alert modification engine 230 generates the modification
specification 178 based on the adaption request 228 and the
individual profile 160. The alert modification engine 230 can
implement any number and/or types of rules, any number
and/or types of algorithms, any number and/or types of
heuristics, any number and/or types of machine learning
techniques, any number and/or type of operations, or any
combination thereof to determine the modification specifi-
cation 178 based on the adaptation request 228 and the
individual profile 160.

As shown, in some embodiments, the alert modification
engine 230 includes, without limitation, characteristics data-
sets 240(1)-240(N), an adaptation engine 250, and the
modification specification 178, where N can be any positive
integer. The characteristics datasets 240(1)-240(N) are also
referred to herein individually as “the characteristics dataset
240” and collectively as “the characteristics datasets 240.”
The characteristic dataset 240(x), where x in an integer
between 1 and N, includes, without limitation, a character-
istic type 242(x), a current characteristic 244(x), and an
allowed characteristic set 246(x). The characteristic types
242(1)-242(N) are also referred to herein individually as
“the characteristic type 242” and collectively as “the char-
acteristic types 242.” The current characteristics 244(1)-244
(N) are also referred to herein individually as “the current
characteristic 244” and collectively as “the current charac-
teristics 244.” The allowed characteristic sets 246(1)-246(N)
are also referred to herein individually as “the characteristic
set 246” and collectively as “the characteristic sets 246.”

For the characteristic dataset 240(x), the characteristic
type 242(x) specifies a type of an associated alert charac-
teristic 182 included in the DMS application 180, the current
characteristic 244(x) specifies the associated alert character-
istic 182, and the allowed characteristic set 246(x) specifies
any number of allowed characteristics for the characteristic
type 242(x). The alert modification engine 230 can deter-
mine the characteristic datasets 240 and track the current
characteristics 244 in any technically feasible fashion.

Whenever the temporal alignment engine 220 generates a
new adaptation request 228, the adaptation engine 250
generates a new modification specification 178 based the
new adaptation request 228, the characteristics datasets 240,
and the individual profile 160. In the embodiment depicted
in FIG. 2, the adaptation engine 250 selects one or more of
the current characteristics 244 for replacement based on any
number of rules and/or heuristics, any amount and/or types
of the data specified via the adaptation request 228, and the
individual profile 160. In particular, the adaptation engine
250 does not select for modification any of the current
characteristics 244 that are specified via the individual
profile 160. In this fashion, the adaptation engine 250
ensures that the modification specification 178 complies
with the individual profile 160.

For each of the selected current characteristics 244, the
adaptation engine 250 determines a replacement character-
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istic (not shown) from the allowed characteristic set 246
associated with the current characteristic 244. The adapta-
tion engine 250 can determine the replacement characteris-
tics based on any number of rules and/or heuristics and any
amount and/or types of data specified via the adaptation
request 228. In some embodiments, the adaptation engine
250 selects the replacement characteristics in a holistic
fashion—taking into account all of the selected current
characteristics 244 and the associated allowed characteristic
sets 246 when determining each of the replacement charac-
teristics.

As described previously herein in conjunction with FIG.
1, in some embodiments the alert personalization application
130 maintains a driving session database (not shown) and/or
a personalized driving database (not shown). In some
embodiments, the adaptation engine 250 selects any number
of the current characteristics 244 for replacement and/or any
number of the replacement characteristics based, at least in
part, on the driving session database and/or the personalized
driving database.

Subsequently, the adaptation engine 250 generates a new
modification specification 178 that specifies, without limi-
tation, that each of the selected current characteristics 244 is
to be replaced with the associated replacement characteris-
tic. The adaptation engine 250 transmits the modification
specification 178 to the DMS application 180. For each of
the selected current characteristics 244, the adaptation
engine 250 sets the current characteristic 244 equal to the
associated replacement characteristic, thereby mirroring the
changes to the alert characteristics 182 specified via the
modification specification 178.

For explanatory purposes only, exemplary values for
some of the characteristic types 242, some of the current
characteristics 244, some of the allowed characteristic sets
246, and the modification specification 178 are specified in
italics. As shown, the characteristic type 242(1) is delivery
modality, the current characteristic 244(1) is equal to the
alert characteristic 182(1), and the allowed characteristic set
246(1) includes, without limitation, a female voice trans-
mission, a male voice transmission, a non-verbal sound
transmission, a light-emitting diode (“LED”) signal, an
interior lighting signal, a steering wheel vibration, and a
steering wheel deformation. The characteristic type 242(2)
is intensity, the current characteristic 244(2) is equal to the
alert characteristic 182(2) of high, and the allowed charac-
teristic set 246(2) includes, without limitation, high, medium
high, medium, medium low, and low. The characteristic type
242(N) is a minimum repetition interval, where the in-
vehicle alert 188 is not to be repeated until the interval of
time specified by the minimum repetition interval elapses.
The current characteristic 244(N) is equal to the alert char-
acteristic 182(N), and the allowed characteristic set 246(N)
includes, without limitation, five seconds, thirty seconds,
one minute, five minutes, and infinity (i.e., no in-vehicle
alerts 188 are to be generated).

The adaptation engine 250 selects the current character-
istic 244(2) of high for replacement. As shown, the current
characteristic 244(2) is associated with the characteristic
type 242(2) of intensity. To reduce the annoyance associated
with the driver 104, the adaptation engine 250 selects the
reduced intensity of medium high from the allowed charac-
teristic set 246(2) associated with the characteristic type
242(2) of intensity. The adaptation engine 250 generates a
new modification specification 178 that specifies, without
limitation, that high is to be replaced with medium high. The
adaptation engine 250 transmits the modification specifica-
tion 178 to the DMS application 180. In response, the DMS
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application 180 replaces the alert characteristics 182(2) of
high with a new alert characteristic 182(N+1), not shown, of
medium high.

FIG. 3 is a flow diagram of method steps for generating
personalized in-vehicle alerts, according to various embodi-
ments. Although the method steps are described with refer-
ence to the systems of FIGS. 1-2, persons skilled in the art
will understand that any system configured to implement the
method steps, in any order, falls within the scope of the
embodiments.

As shown, a method 300 begins at step 302, where the
alert personalization application 130 repeatedly estimates
levels of at least one negative emotion based on the occupant
sensor datasets 152 until an increase in a negative emotion
is detected or an alert preference command is received. At
step 304, the alert personalization application 130 deter-
mines whether the alert personalization application 130 has
received an alert preference command.

If, at step 304, the alert personalization application 130
determines that the alert personalization application 130 has
received an alert preference command, then the method 300
proceeds to step 306. At step 306, the alert personalization
application 130 updates the individual profile 160 associated
with the alert preference command to reflect the alert pref-
erence(s) specified in the alert preference command. The
method 300 then proceeds directly to step 314.

If, however, at step 304, the alert personalization appli-
cation 130 determines that the alert personalization appli-
cation 130 has not received an alert preference command,
then the method 300 proceeds directly to step 308. At step
308, the alert personalization application 130 determines
whether the increase in the negative emotion meets the
increase criterion 224 associated with the negative emotion.
If, at step 308, the alert personalization application 130
determines that the increase in the negative emotion does not
meet the increase criterion 224 associated with the negative
emotion, then the method 300 proceeds directly to step 318.

If, however, at step 308, the alert personalization appli-
cation 130 determines that the increase in the negative
emotion meets the increase criterion 224 associated with the
negative emotion, then the method 300 proceeds to step 310.
At step 310, the alert personalization application 130 per-
forms one or more temporal correlation operations to esti-
mate whether the increase in the negative emotion is a
negative reaction to at least one of the in-vehicle alerts 188.

At step 312, the alert personalization application 130
determines whether the alert personalization application 130
has estimated that the negative emotion is a negative reac-
tion to at least one of the in-vehicle alerts 188. If, at step 312,
the alert personalization application 130 determines that the
alert personalization application 130 has estimated that the
negative emotion is not a negative reaction to at least one of
the in-vehicle alerts 188, then the method 300 proceeds
directly to step 318.

If, however, at step 312, the alert personalization appli-
cation 130 determines that the alert personalization appli-
cation 130 has estimated that the negative emotion is a
negative reaction to at least one of the in-vehicle alerts 188,
then the method 300 proceeds to step 314.

At step 314, the alert personalization application 130
generates a new modification specification 178 that speci-
fies, without limitation, any number of modifications to the
alert characteristics 182 and complies with the individual
profile(s) 160. At step 316, the alert personalization appli-
cation 130 causes any number of the alert characteristics 182
to be modified as per the modification specification 178.
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At step 318, the alert personalization application 130
determines whether the driving session is complete. If, at
step 318, the alert personalization application 130 deter-
mines that the driving session is complete, then the method
300 terminates.

If, however, at step 318, the alert personalization appli-
cation 130 determines that the driving session is not com-
plete, then the method 300 returns to step 302, where the
alert personalization application 130 repeatedly estimates
levels of at least one negative emotion based on the occupant
sensor datasets 152. The method 300 continues to cycle
through steps 302-318 until the alert personalization appli-
cation 130 determines that the driving session is complete at
step 318.

In sum, the disclosed techniques can be used to increase
the effectiveness of in-vehicle alerts for individual drivers.
In one embodiment, an alert personalization application
dynamically modifies alert characteristics that influence,
without limitation, the delivery modality, the intensity, and
the minimum repetition interval associated with in-vehicle
alerts generated by a DMS application The vehicle includes,
without limitation, any number and/or types of occupant
sensors that detect and relay physiological data associated
with any number of occupants of the vehicle to the alert
personalization application and the DMS application. The
DMS application can generate any number of in-vehicle
alerts at any points in time based on the physiological data
and the alert characteristics. Upon generating a new in-
vehicle alert, the driver monitoring system application trans-
mits the in-vehicle alert to the vehicle and transmits a new
alert notification to the alert personalization application. In
response to the new alert notification, an annoyance reduc-
tion engine included in the alert personalization application
adds the alert notification to an alert notification time series.

The alert personalization application includes, without
limitation, an individual profile, an annoyance sensing
engine, and the annoyance reduction engine. The individual
profile specifies any alert preferences directly expressed by
a driver of the vehicle. At any given time, the alert person-
alization application can change the individual profile based
on any number of alert preference commands received from
the driver. If the individual profile changes, then the annoy-
ance reduction engine generates a modification specification
that specifies any number of replacements for any number of
alert characteristics as per the individual profile. The annoy-
ance reduction engine then transmits the modification speci-
fication to the DMS application and, in response, the DMS
application replaces at least one of the alert characteristics.

The annoyance sensing engine repeatedly estimates an
annoyance level associated with the driver. When the annoy-
ance engine estimates a new annoyance level, the annoyance
sensing engine transmits the annoyance level to the annoy-
ance reduction engine. In response, the annoyance reduction
engine adds the alert notification to an alert notification time
series and computes an associated annoyance increase. The
annoyance reduction engine determines whether the annoy-
ance increase meets an increase criterion (e.g., a minimum
of a 20% increase). If the annoyance increase meets the
increase criterion, then the annoyance reduction engine
performs any number and/or types of temporal correlation
operations between the annoyance increase and the alert
notification time series to estimate whether the annoyance
increase is associated with a negative reaction to one or more
of the in-vehicle alerts.

If the annoyance reduction engine estimates that the
annoyance increase is associated with a negative reaction to
an in-vehicle alert, then the annoyance reduction engine
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generates a modification specification that specifies, without
limitation, any number of replacement characteristics for
any number of alert characteristics. Notably, the modifica-
tion specification complies with the individual profile and is
intended to reduce annoyance associated with subsequent
in-vehicle alerts. The annoyance reduction engine then
transmits the modification specification to the DMS appli-
cation and, in response, the DMS application replaces at
least one of the alert characteristics as per the modification
specification.

At least one technical advantage of the disclosed tech-
niques relative to the prior art is that the alert personalization
application personalizes how and/or when the DMS appli-
cation generates current and subsequent in-vehicle alerts
based on negative reactions of individual driver to prior
in-vehicle alerts. In particular, monitoring occupant sensor
datasets and in-vehicle alert notifications to automatically
detect when an in-vehicle alert causes the annoyance level of
a driver to increase and, in response, modifying one or more
alert characteristics associated with the DMS application can
increase the effectiveness of subsequent in-vehicle alerts. As
a result, modifying the alert characteristics can reduce the
likelihood that the driver becomes discouraged from using
the DMS or paying attention to in-vehicle alerts. In this
fashion, the alert personalization application can improve
driver safety across a wider variety of drivers relative to
prior art approaches to generating in-vehicle alerts. These
technical advantages provide one or more technological
advancements over prior art approaches.

1. In some embodiments, a computer-implemented
method for generating personalized in-vehicle alerts com-
prises estimating an increase in a negative emotion associ-
ated with an occupant of a vehicle based on at least one
characteristic of the occupant, determining that the increase
is associated with a negative reaction to a first in-vehicle
alert that has a first alert characteristic, in response, deter-
mining that the first alert characteristic should be replaced
with a second alert characteristic, and causing at least a
second in-vehicle alert to be generated that has the second
alert characteristic instead of the first alert characteristic.

2. The computer-implemented method of clause 1,
wherein determining that the increase is associated with the
negative reaction comprises performing at least one tempo-
ral correlation operation based on a first point in time
associated with the increase and a second point in time
associated with the first in-vehicle alert.

3. The computer-implemented method of clauses 1 or 2,
wherein estimating the increase comprises computing at
least one deviation from a facial contortion baseline asso-
ciated with the occupant based on the at least one charac-
teristic of the occupant.

4. The computer-implemented method of any of clauses
1-3, wherein determining that the first alert characteristic
should be replaced with the second alert characteristic
comprises determining that the first alert characteristic com-
prises a first characteristic type, determining that the first
alert characteristic should be replaced with a different alert
characteristic that also comprises the first characteristic type,
and selecting the second alert characteristic from a plurality
of alert characteristics that comprise the first characteristic
type.

5. The computer-implemented method of any of clauses
1-4, wherein determining that the first alert characteristic
should be replaced with the second alert characteristic
comprises determining a first alert modification based on the
negative reaction and a trained machine learning model that
maps different negative reactions to one or more alert
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modifications, wherein the first alert modification specifies
that the first alert characteristic should be replaced with the
second alert characteristic.

6. The computer-implemented method of any of clauses
1-5, wherein the negative emotion comprises annoyance,
anger, sadness, or frustration.

7. The computer-implemented method of any of clauses
1-6, wherein the first alert characteristic comprises a deliv-
ery modality, an intensity, or a minimum repetition interval
associated with the first in-vehicle alert.

8. The computer-implemented method of any of clauses
1-7, wherein the at least one characteristic comprises at least
one of a facial contortion, a voice tone, a heart rate, a
galvanic skin response, or a force associated with a steering-
wheel.

9. The computer-implemented method of any of clauses
1-8, wherein the first in-vehicle alert characteristic com-
prises a delivery modality, and the delivery modality com-
prises a voice transmission, a non-verbal sound transmis-
sion, a light-emitting diode signal, an interior lighting signal,
a steering wheel vibration, or a steering wheel deformation.

10. The computer-implemented method of any of clauses
1-9, further comprising estimating another increase in the
negative emotion associated with the occupant, determining
that the another increase in the negative emotion is associ-
ated with another negative reaction to the second in-vehicle
alert, and in response, disabling a type of in-vehicle alert that
the second in-vehicle alert comprises.

11. In some embodiments, one or more non-transitory
computer readable media include instructions that, when
executed by one or more processors, cause the one or more
processors to generate personalized in-vehicle alerts by
performing the steps of estimating an increase in a negative
emotion associated with an occupant of a vehicle based on
at least one characteristic of the occupant, determining that
the increase is associated with a negative reaction to a first
in-vehicle alert that has a first alert characteristic, in
response, determining that the first alert characteristic
should be replaced with a second alert characteristic, and
causing at least a second in-vehicle alert to be generated that
has the second alert characteristic instead of the first alert
characteristic.

12. The one or more non-transitory computer readable
media of clause 11, wherein determining that the increase is
associated with the negative reaction comprises performing
at least one temporal correlation operation based on a first
point in time associated with the increase and a second point
in time associated with the first in-vehicle alert.

13. The one or more non-transitory computer readable
media of clauses 11 or 12, wherein estimating the increase
comprises evaluating at least one observable facial landmark
action unit based on the at least one characteristic of the
occupant.

14. The one or more non-transitory computer readable
media of any of clauses 11-13, wherein determining that the
first alert characteristic should be replaced with the second
alert characteristic comprises determining that the first alert
characteristic comprises a first characteristic type, determin-
ing that the first alert characteristic should be replaced with
a different alert characteristic that also comprises the first
characteristic type, and selecting the second alert character-
istic from a plurality of alert characteristics that comprise the
first characteristic type.

15. The one or more non-transitory computer readable
media of any of clauses 11-14, wherein determining that the
first alert characteristic should be replaced with the second
alert characteristic comprises determining a first alert modi-
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fication based on the negative reaction and a trained machine
learning model that maps different negative reactions to one
or more alert modifications, wherein the first alert modifi-
cation specifies that the first alert characteristic should be
replaced with the second alert characteristic.

16. The one or more non-transitory computer readable
media of any of clauses 11-15, wherein the negative emotion
comprises annoyance, anger, sadness, or frustration.

17. The one or more non-transitory computer readable
media of any of clauses 11-16, wherein the first alert
characteristic comprises a delivery modality, an intensity, or
a minimum repetition interval associated with the first
in-vehicle alert.

18. The one or more non-transitory computer readable
media of any of clauses 11-17, further comprising determin-
ing the at least one characteristic based on data received
from at least one of an electroencephalogram sensor, a heart
rate sensor, a breathing rate sensor, a pulse oximeter, a
galvanic skin response sensor, a camera, or a microphone
while the vehicle is operating.

19. The one or more non-transitory computer readable
media of any of clauses 11-18, wherein the occupant com-
prises a driver of the vehicle.

20. In some embodiments, a system comprises at least one
memory storing instructions, and at least one processor
coupled to the at least one memory that, when executing the
instructions, perform the steps of estimating an increase in
a negative emotion associated with an occupant of a vehicle
based on at least one characteristic of the occupant, deter-
mining that the increase is associated with a negative
reaction to a first in-vehicle alert that has a first alert
characteristic, in response, determining that the first alert
characteristic should be replaced with a second alert char-
acteristic, and causing at least a second in-vehicle alert to be
generated that has the second alert characteristic instead of
the first alert characteristic.

Any and all combinations of any of the claim elements
recited in any of the claims and/or any elements described in
this application, in any fashion, fall within the contemplated
scope of the embodiments and protection.

The descriptions of the various embodiments have been
presented for purposes of illustration but are not intended to
be exhaustive or limited to the embodiments disclosed.
Many modifications and variations will be apparent to those
of ordinary skill in the art without departing from the scope
and spirit of the described embodiments.

Aspects of the present embodiments may be embodied as
a system, method or computer program product. Accord-
ingly, aspects of the present disclosure may take the form of
an entirely hardware embodiment, an entirely software
embodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “module,” a “system,” or a “computer.” In addition, any
hardware and/or software technique, process, function, com-
ponent, engine, module, or system described in the present
disclosure may be implemented as a circuit or set of circuits.
Furthermore, aspects of the present disclosure may take the
form of a computer program product embodied in one or
more computer readable medium(s) having computer read-
able program code embodied thereon.

Any combination of one or more computer readable
media may be utilized. The computer readable medium may
be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
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conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory, a Flash memory, an optical fiber, a portable com-
pact disc read-only memory (CD-ROM), an optical storage
device, a magnetic storage device, or any suitable combi-
nation of the foregoing. In the context of this document, a
computer readable storage medium can be any tangible
medium that can contain or store a program for use by or in
connection with an instruction execution system, apparatus,
or device.

Aspects of the present disclosure are described above with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the disclosure. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine. The instructions, when executed via the processor
of the computer or other programmable data processing
apparatus, enable the implementation of the functions/acts
specified in the flowchart and/or block diagram block or
blocks. Such processors may be, without limitation, general
purpose processors, special-purpose processors, application-
specific processors, or field-programmable gate arrays.

The flowchart and block diagrams in the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer pro-
gram products according to various embodiments of the
present disclosure. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for implementing the specified logical func-
tion(s). It should also be noted that, in some alternative
implementations, the functions noted in the block may occur
out of the order noted in the figures. For example, two blocks
shown in succession may, in fact, be executed substantially
concurrently, or the blocks may sometimes be executed in
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration,
can be implemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

While the preceding is directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof is determined by the
claims that follow.

What is claimed is:
1. A computer-implemented method for generating per-
sonalized in-vehicle alerts, the method comprising:
detecting an increase in a negative emotion associated
with an occupant of a vehicle based on at least one
characteristic of the occupant;
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in response to detecting the increase in negative emotion,
determining a reaction time interval that ends at a time
associated with the increase in the negative emotion;

determining that the increase is associated with a negative
reaction to a first in-vehicle alert based on an occur-
rence of the first in-vehicle alert within the reaction
time interval, wherein the first in-vehicle alert has a first
alert characteristic;

in response, determining that the first alert characteristic

should be replaced with a second alert characteristic;
and

causing at least a second in-vehicle alert to be generated

that has the second alert characteristic instead of the
first alert characteristic.

2. The computer-implemented method of claim 1,
wherein determining that the increase is associated with the
negative reaction comprises performing at least one tempo-
ral correlation operation based on a first point in time
associated with the increase and a second point in time
associated with the first in-vehicle alert.

3. The computer-implemented method of claim 1,
wherein estimating the increase comprises computing at
least one deviation from a facial contortion baseline asso-
ciated with the occupant based on the at least one charac-
teristic of the occupant.

4. The computer-implemented method of claim 1,
wherein determining that the first alert characteristic should
be replaced with the second alert characteristic comprises:

determining that the first alert characteristic comprises a

first characteristic type;

determining that the first alert characteristic should be

replaced with a different alert characteristic that also
comprises the first characteristic type; and

selecting the second alert characteristic from a plurality of

alert characteristics that comprise the first characteristic
type.

5. The computer-implemented method of claim 1,
wherein determining that the first alert characteristic should
be replaced with the second alert characteristic comprises
determining a first alert modification based on the negative
reaction and a trained machine learning model that maps
different negative reactions to one or more alert modifica-
tions, wherein the first alert modification specifies that the
first alert characteristic should be replaced with the second
alert characteristic.

6. The computer-implemented method of claim 1,
wherein the negative emotion comprises annoyance, anger,
sadness, or frustration.

7. The computer-implemented method of claim 1,
wherein the first alert characteristic comprises a delivery
modality, an intensity, or a minimum repetition interval
associated with the first in-vehicle alert.

8. The computer-implemented method of claim 1,
wherein the at least one characteristic comprises at least one
of a facial contortion, a voice tone, a heart rate, a galvanic
skin response, or a force associated with a steering-wheel.

9. The computer-implemented method of claim 1,
wherein the first alert characteristic comprises a delivery
modality, and the delivery modality comprises a voice
transmission, a non-verbal sound transmission, a light-emit-
ting diode signal, an interior lighting signal, a steering wheel
vibration, or a steering wheel deformation.

10. The computer-implemented method of claim 1, fur-
ther comprising:

estimating another increase in the negative emotion asso-

ciated with the occupant;
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determining that the another increase in the negative
emotion is associated with another negative reaction to
the second in-vehicle alert; and

in response, disabling a type of in-vehicle alert that the

second in-vehicle alert comprises.

11. One or more non-transitory computer readable media
including instructions that, when executed by one or more
processors, cause the one or more processors to generate
personalized in-vehicle alerts by performing the steps of:

detecting an increase in a negative emotion associated

with an occupant of a vehicle based on at least one
characteristic of the occupant;
in response to detecting the increase in negative emotion,
determining a reaction time interval that ends at a time
associated with the increase in the negative emotion;

determining that the increase is associated with a negative
reaction to a first in-vehicle alert based on an occur-
rence of the first in-vehicle alert within the reaction
time interval, wherein the first in-vehicle alert has a first
alert characteristic;

in response, determining that the first alert characteristic

should be replaced with a second alert characteristic;
and

causing at least a second in-vehicle alert to be generated

that has the second alert characteristic instead of the
first alert characteristic.

12. The one or more non-transitory computer readable
media of claim 11, wherein determining that the increase is
associated with the negative reaction comprises performing
at least one temporal correlation operation based on a first
point in time associated with the increase and a second point
in time associated with the first in-vehicle alert.

13. The one or more non-transitory computer readable
media of claim 11, wherein estimating the increase com-
prises evaluating at least one observable facial landmark
action unit based on the at least one characteristic of the
occupant.

14. The one or more non-transitory computer readable
media of claim 11, wherein determining that the first alert
characteristic should be replaced with the second alert
characteristic comprises:

determining that the first alert characteristic comprises a

first characteristic type;

determining that the first alert characteristic should be

replaced with a different alert characteristic that also
comprises the first characteristic type; and

selecting the second alert characteristic from a plurality of

alert characteristics that comprise the first characteristic
type.

15. The one or more non-transitory computer readable
media of claim 11, wherein determining that the first alert
characteristic should be replaced with the second alert
characteristic comprises determining a first alert modifica-
tion based on the negative reaction and a trained machine
learning model that maps different negative reactions to one
or more alert modifications, wherein the first alert modifi-
cation specifies that the first alert characteristic should be
replaced with the second alert characteristic.

16. The one or more non-transitory computer readable
media of claim 11, wherein the negative emotion comprises
annoyance, anger, sadness, or frustration.

17. The one or more non-transitory computer readable
media of claim 11, wherein the first alert characteristic
comprises a delivery modality, an intensity, or a minimum
repetition interval associated with the first in-vehicle alert.

18. The one or more non-transitory computer readable
media of claim 11, further comprising determining the at
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least one characteristic based on data received from at least
one of an electroencephalogram sensor, a heart rate sensor,
a breathing rate sensor, a pulse oximeter, a galvanic skin
response sensor, a camera, or a microphone while the
vehicle is operating.

19. The one or more non-transitory computer readable
media of claim 11, wherein the occupant comprises a driver
of the vehicle.

20. A system, comprising:

at least one memory storing instructions; and

at least one processor coupled to the at least one memory

that, when executing the instructions, perform the steps
of:

detecting an increase in a negative emotion associated

with an occupant of a vehicle based on at least one
characteristic of the occupant;
in response to detecting the increase in negative emotion,
determining a reaction time interval that ends at a time
associated with the increase in the negative emotion;

determining that the increase is associated with a negative
reaction to a first in-vehicle alert based on an occur-
rence of the first in-vehicle alert within the reaction
time interval, wherein the first in-vehicle alert has a first
alert characteristic;

in response, determining that the first alert characteristic

should be replaced with a second alert characteristic;
and

causing at least a second in-vehicle alert to be generated

that has the second alert characteristic instead of the
first alert characteristic.
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